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Problem area 
Present day maintenance programs 
for helicopters are often schedule 
based which means that a helicopter 
component is replaced after a 
predetermined number of flight 
hours. Future maintenance 
procedures aim at maintenance ‘on 
condition’ which means that a 
component is replaced when it is 
degrading or when the actual 
operational life is reached. 
Thorough and reliable knowledge 
of the exerted loads on the 
component is essential for the 
development of such maintenance 
procedures. 
 
Description of work 
A framework to calculate airframe 
component loads has been 
developed, based on using a chain 
of relatively simple physics 
modelling tools. Results of the 
computations have been validated 
by means of comparison with strain 
gauge measurements on the aft-
pylon engine frame during 
scheduled operational flights. 
 
Results and conclusions 
Results show a good agreement for 
the prediction of 3/rev vibrations of 
the component. Trend analyses 
provides insight in weight, flight 
speed and altitude dependencies. 
The proposed framework is capable 
of calculating structural dynamic 
loads of an airframe component in a 
relatively simple and cost-effective 
way. 
 
Applicability 
The composed framework is the 
first phase in a program to develop 
the technology to support airframe 
component loads analyses. Results 
are very encouraging although 
further validation of the method 
remains desirable. The validation of 
the separate model components will 
pinpoint the origin of the 
discrepancies between flight test 
and simulation. 
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Summary 
A modelling framework for determining structural dynamic loads in airframe components has 
been developed. This paper addresses the flight dynamics and structural modelling tools of the 
framework and presents the first validation results. Validation of the calculated component 
strains has been done by means of comparison with strain gauge measurements on the aft-pylon 
engine frame during scheduled operational flights. Results show a good agreement for the 3/rev 
vibrations of the component. Trend analyses provides insight in weight, flight speed and altitude 
dependencies. The proposed framework is capable of calculating structural dynamic loads of an 
airframe component in a relatively simple and cost-effective way. 
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Abbreviations 
APU:  Auxiliary Power Unit; 
CAS:  Calibrated Air Speed; 
CFD:  Computational Fluid Dynamics; 
CVFDR: Combined Voice and Flight Data Recorder; 
FS:  Fuselage Station; 
NLR:  Nationaal Lucht en Ruimtevaartlaboratorium  
(National. Aerospace Laboratory NLR); 
OWE:  Operational Weight Empty; 
RBE:  Rigid Body Element; 
RNLAF: Royal Netherlands Air Force; 
RPM:  Revolutions per Minute; 
SG:  Strain Gauge; 
Vh:  Horizontal Speed;
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1 Introduction 
Present day maintenance programs for helicopters are often schedule based which means that a 
helicopter component is replaced after a predetermined number of flight hours. Future 
maintenance procedures aim at maintenance ‘on condition’ which means that a component is 
replaced when it is degrading or when the actual operational life is reached. A thorough and 
reliable knowledge of the exerted loads on the component for all flight conditions and the 
consequent effect on fatigue life is essential for the development of such maintenance 
procedures. NLR, in cooperation with the Royal Netherlands Air Force (RNLAF), has started an 
extensive flight data acquisition program to enable a fleet wide assessment of the fatigue loads 
in relation to the usage of the aircraft. Good results have been achieved in determining the 
relative fatigue load for different missions on the basis of measurements.  
Complementary to the measurement program a project commissioned by the RNLAF was set up 
aiming at the prediction of helicopter component fatigue loads. Calculating rather than 
measuring the structural loads offers advantages in terms of flexibility in the component choice 
and the desired flight conditions (including undesirable ones). Component structural loads that 
are difficult to measure can be addressed and the calculation process does not interfere with 
helicopter operations. Moreover, calculations can be used to extrapolate experimental data to 
unmeasured locations and/or to define locations for measurements. 
Calculation of a structural dynamic load sequence in an arbitrary component of a detailed 
airframe with present day finite-element programs coupled with CFD tools would nowadays 
still require too much computational effort, considering the large number of flight conditions 
required for fatigue analysis. On the other hand, literature on the capability of aeromechanical 
methods to predict vibratory loads at the hub, let alone in the fuselage, is not encouraging. 
Hansford and Vorwald [1] review the results of a workshop on the prediction of vibratory hub 
loads using ten different aeromechanical codes. The overall conclusion is that the methods are 
not able to predict the loads to an accuracy any greater than 50% of the measured loads. Based 
on results in the literature, Bousman and Norman [2] assessed the predictive capability of 
aeromechanical methods for a broad range of applications. They concluded that the methods are 
accurate for performance prediction, but ‘untrustworthy’ for the prediction of fuselage 
vibrations. They also compared the accuracy of the prediction of fatigue loads (peak-to-peak 
flap bending moments) to the accuracy attained at the prediction of the actual time series of the 
flap bending moment, and concluded that the error is similar for both metrics. 
The proposed framework of the current paper is based on a coupled rotor/fuselage model, where 
the elastic fuselage modes are obtained from a finite element model of the fuselage, and 
incorporated in an aeromechanical method. This approach is similar to Yeo and Chopra [3], who 
present a literature survey into rotor/fuselage coupling (including the extensive DAMVIBS 
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program [4]). In the approach of the current paper, the fatigue loads (stress sequences) are 
modeled using a detailed component model onto which the deformations of the fuselage are 
enforced. The latter is an essential ingredient of the approach of Lang and Centolanza [5], which 
significantly improves the high-frequency content of vibratory loads in the fuselage. 
The current paper describes the modelling framework and present first validation results. The 
method is applied to the Chinook helicopter. The validation concentrates on the 3/rev strains 
during level flight. Conclusions and recommendations are presented in the final section. 
 
 
2 Modelling framework 
The modelling framework consists of a set of computational tools for structural dynamics (for a 
coarse fuselage model and a detailed airframe component model) rotorcraft flight dynamics and 
fatigue loads prediction. The methodology is based on work that has been presented by Lang 
and Centolanza [5] and is based on the following principles: 
1. A relatively coarse dynamic airframe model is used to perform a modal analysis. The 
resultant natural frequencies and mode shapes of the airframe are input for the flight 
dynamics and rotor-airframe response computation. 
2. The modal properties of the coarse airframe model are used by the comprehensive 
rotorcraft flight dynamics code to calculate the rotor loads and airframe dynamic response 
for the desired flight condition. 
3. The deformations of the coarse airframe model are interpolated onto a detailed finite 
element model of the chosen component and the resulting stress is determined. 
4. A fatigue analysis can be performed using the local stress sequence to determine the fatigue 
load of the component for a defined mission.  
In the following sections the different modules are discussed in more detail. 
 
2.1 Airframe structural computations 
The coarse airframe structural model consists of plates, frames and stiffeners. A NASTRAN 
computation provides the natural frequencies and modes shapes of the airframe. The airframe 
stiffness properties are tuned to match the dynamic characteristics that were found in open 
literature. The Chinook aft pylon engine frame was chosen for the study of the dynamic 
behaviour and fatigue analysis.  
 
  
NLR-TP-2010-246 
  
 9 
2.1.1 Airframe structural model 
The fuselage model is a shell model that captures the most essential components of the fuselage 
structure. The dimensions are derived from a limited set of drawings and photographs. For an 
impression of the model, see Figure 1. 
. 
Figure 1 Front and rear view of the shell finite element model of the CH-47D 
 
The resulting model is a simplification in four aspects: geometry, structural detail, shell 
properties (thickness and material) and mass properties, which are described in more detail 
below. 
The geometry is simplified in the sense that the fuselage cross-section is assumed to be constant 
over the full length of the fuselage. This is obviously not correct for the nose and tail regions. 
However, these geometric aspects do not have a significant impact on the overall model 
vibration behaviour. For a detailed stress analysis in the nose and tip regions the model 
geometry would need to be refined. Given the location of the component of interest (aft flange 
of the rear pylon frame, see Figure 2) this is not necessary. 
 
Figure 2 Position of the strain gauges 2, 5 and 6 in the Chinook frame (from [11]). Strains from 
gauge 2 are used for validation in the current report. 
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The level of structural detail can be classified as “coarse”. The model contains only those 
structural components that are essential for the transfer of loads. All other components (covers, 
hatches, etc.) are ignored. The heavy items: rotor heads and engines are attached to the proper 
fuselage locations using rigid beam connections. The whole windshield region is reduced to the 
only two essential components: two window posts simplified as beams. The model does contain 
stringers but only half the number in the actual airframe. The stringer properties are combined. 
Currently the fuel tanks and the ramp are not modelled. The fuel, as part of the total weight, is 
considered to be evenly distributed along the fuselage stations. This may have influence on the 
dynamic behaviour due to a fuel mass offset. The ramp is not considered a load carrying 
structure (operational conditions include flying with a lowered ramp) so the influence on the 
total fuselage stiffness can be ignored. However, the attachment to the fuselage requires a study 
and tuning of the actual effective load paths. This effort is significant, where the effects may be 
of second order for the stress of the aft pylon.  
The thickness of all skin/plate type components is uniform across the entire fuselage. All skin 
panels have the same thickness. All fuselage frames have the same thickness. The stringers have 
approximately correct individual cross-section areas, but have constant area over the entire 
fuselage length. All components are assumed to be made of aluminium with 2024 alloy 
properties. 
The fuselage mass distribution is presented Table 1 (taken from [6]). The model places 
concentrated masses at each fuselage frame. Each mass is placed on the fuselage centre line. It 
is attached to the nodal points on the intersection of the frame plane and the fuselage skin. This 
is illustrated in Figure 3 and Figure 4. The connection is made using a NASTRAN construct 
called RBE3 that assigns the average of all skin displacements to the central point. In the 
opposite direction a load on the central point is distributed over the skin points. The most 
important aspect of RBE3 constructs is that they do not add stiffness to the model. That is, the 
frames are still flexible. The heavy mass items are attached to the nearby structure in a manner 
consistent with the real structure: 
The hub masses are attached to the top of the rotor shafts. The engines are attached to frames at 
fuselage stations 482 and 502. The APU, cockpit and electronics mass items are added to the 
concentrated masses at the centre line. Apart from the concentrated masses for the rotors, 
engines etc, the remaining mass are uniformly distributed over the airframe. The 27000 lb OWE 
mass was transformed to other mass levels by scaling the concentrated masses along the 
fuselage centre line. The contributions from heavy mass items at these points were not affected. 
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Table 1 Mass data collected from various sources 
OWE mass 27,000 lb 
Heavy items 10,150 lb 
1. fwd rotor 2,100 lb  
2. aft rotor 2,100 lb  
3. engines 2,400 lb  
4. APU (est.) 1,100 lb  
5. cockpit (est.) 1,300 lb  
6. electronics 1,000 lb  
Remaining mass 16,850 lb 
  
 
Figure 3 Typical concentrated mass on the centre line of the helicopter fuselage at a frame 
station 
 
Figure 4 Cut-away plot of the fuselage model exposing the RBE3 constructs (black spider webs) 
used for concentrated mass attachment to the frame/skin 
 
 
Concentrated mass 
RBE3 connection 
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(a) 1st flexible mode at 6.36 
Hz (Boeing: 6.36 Hz; 1st 
lateral – aft pylon lateral) 
(b) 2nd flexible mode at 6.81 Hz 
(Boeing: 7.52 Hz, 1st vertical – 
aft pylon longitudinal) 
(c) 3rd flexible mode at 
11.62 Hz (Boeing: 12.89 
Hz, 2nd lateral – fwd pylon 
lateral) 
Figure 5 Selected flexible modes for the tuned 27000 lb model  
 
The modal analysis of the unsupported fuselage model results in a series of resonance 
frequencies and modes. As the validation will concentrate on the 3/rev loads, only the lowest 
resonance frequencies are of interest. The results for the first three flexible modes are presented 
in Figure 5. Table 2 presents the tuned frequencies compared to the model as presented in 
Kvaternik et al  [4]. 
 
Table 2 Comparison of published Boeing results and the tuned NLR 27000 lbm model results 
Frequency (Hz) Mode description Mode 
Boeing NLR tuned  
1 6.36 6.36 1st lateral, aft pylon lateral 
2 7.24 * Engine lateral yaw – out of phase 
3 7.52 6.81 1st vertical, aft pylon longitudinal 
4 8.24 * Engine lateral yaw – in phase 
5 11.80 11.94 2nd vertical – pylon longitudinal 
6 12.89 11.62 2nd lateral – fwd pylon lateral 
7 13.81 13.83 3rd lateral – pylon lateral in phase 
* = mode is not predicted by the NLR model because of the assumed rigid engine attachment 
 
The aeromechanics model already contains rotor mass at the hub location. It was determined 
that the hub mass in the fuselage model has to be reduced from 2100 lb to 400 lb in order to 
prevent duplication (Rhoads [7]) This mainly affects the resonance frequencies (see Table 3 for 
examples). Mode shapes are very similar for the three aircraft weights. 
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2.1.2 Component model 
The fuselage model mesh has been refined at the crown of frame 482 thus providing enough 
detail to capture the actual location of strain gauges in this region. Stress results are derived 
from the whole fuselage model with refined mesh at FS 482. Figure 6 illustrates the mesh 
refinements in the region of strain gauge 2. No separate component model is used in the present 
study. 
 
Front view from above Rear view from below 
Figure 6 Views of the refined mesh model near the FS482 frame crown 
 
The dynamic fuselage properties used in the aeromechanics model are derived from the fuselage 
model including this refinement. 
Frequency results for the refined fuselage model at various aircraft weights are presented in 
Table 3. Note that frequencies have changed significantly by weight changes and the reduction 
of hub mass (compare with Table 2). The mode shapes remain very similar.  
 
Table 3 Comparison of the tuned detailed model frequencies at various weights and reduced 
hub mass for the NLR model 
 
 
 
 
 
 
 
 
Frequency (Hz)  Mode 
27k lb 37k lb 48k lb 
Mode description 
1 8.37 6.98 6.03 1st lateral, aft pylon lateral 
3 10.35 9.17 8.22 1st vertical, aft pylon longitudinal 
5 14.66 12.73 11.32 2nd vertical, pylon longitudinal 
6 17.79 14.25 13.64 2nd lateral, fwd pylon lateral 
7 21.38 15.19 14.83 3rd lateral, pylon lateral in phase 
Strain gauge location 
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2.2 Comprehensive flight dynamics tool 
The flight dynamics calculations are performed by the multi-body rotorcraft analysis and 
development tool Flightlab, DuVal  [8]. A Boeing CH-47D Chinook simulation model has been 
developed, featuring a finite-element rotor blade and modal fuselage. The airframe is excited by 
the load transmitting hub nodes. The blades’ rotational frequency is 3.75 Hz. 
 
2.2.1 Rotor system 
The dual rotor system consists of fully-articulated rotor hubs with lag dampers and three 
flexible blades. A non-viscous six-state Peters/He wake inflow model is used. Aerodynamic 
interference of the rotor wake is taken into account on both the rotors (mutually) and the 
fuselage.  
The rotor blade consists of ten aerodynamic blade segments, evenly spaced along the radius. 
The blade aerodynamic properties cl, cd and cm, depending on the angle of attack and Mach 
number, are available through table lookup. A quasi-unsteady airloads model, based on a 
combination of linear unsteady thin airfoil theory and nonlinear table look-up, is used for 
calculating the aerodynamic loads. 
The calculation time step for the rotor trims is based on 256 azimuth steps per rotor revolution 
to capture the high frequency content in the rotor system. 
The flexible blade is modelled as a one-dimensional elastic beam. The rotor blade consists of 
ten structural elements. The distribution of material properties along a cross-section of the blade 
are condensed to a single point along the blade. The blade properties have been supplied by the 
Boeing Company [9]. The blade material properties have been tuned to match the frequencies 
by Fries [10]. The resulting blade frequencies are tabulated in Table 4. Agreement with the data 
from literature is good. In the simulations, the blade modes up to 3/rev are taken into account 
(see last column in Table 4). 
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Table 4 Mode and frequencies (normalised with rotor frequency) 
Frequency  Mode  
Fries [10]  
230 RPM 
Blade model 
230 RPM 
Blade model 
225 RPM 
1st Lag   0.86 
1st Flap 1.02 1.02 1.02 
2nd Flap 2.71 2.58 2.59 
1st Torsion 4.62 4.64 4.74 
3rd Flap 5.31 5.23 5.28 
2nd Lag   6.40 
4th Flap   8.94 
2nd Torsion /5th Flap   13.7 
 
2.2.2 Airframe model 
The elastic fuselage model, described earlier, is coupled to the rotor model at the two hub 
stations. The first ten mode shapes are retained, ensuring sufficient frequency content. An 
airframe airloads model is incorporated in the aeromechanics model to account for the 
aerodynamic loads on the fuselage. Aerodynamic coefficients for angles of attack and side slip 
are acquired by table look-up. 
 
 
3 Validation 
This chapter describes validation results for the models described in the previous chapter. The 
next section briefly describes the available experimental data. The second section compares the 
computational results with the experimental results for selected flight regimes. For the 
validation only level forward flight are considered since they can be recognized easily from the 
flight data. Other regimes will show more variability, due to varying pilot input or due to 
currently used regime identification definitions which, in some cases, are not detailed enough.  
The validation focuses on the SG02 strain gauge which is positioned on the aft flange of rear 
pylon frame (fuselage station 482, see Figure 2). It should be stressed that this location 
experiences high vibratory loads as the ramp opening induces more flexibility in the structure 
and the engines are mounted on this frame. Hence, the accurate prediction of the vibratory loads 
at this location is a real challenge. 
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3.1 Flight test description 
Two RNLAF Chinooks have been instrumented with accelerometers and five strain gauges at 
different locations on the airframe. The flight parameter data has been recorded by a Combined 
Voice and Flight Data Recorder (CVFDR) and the ACRA KAM-500 data acquisition unit. The 
latter was also used to record the data from the accelerometers and strain gauges [11].  
Output of the strain gauges on the helicopter aft frame and accelerometers on the airframe are 
synchronised with the helicopter’s Flight Data Recorder. A Flight Regime Recognition tool is 
used to process the large amount of data and to enable the selection of specified flight 
conditions (steady and/or manoeuvring).  
A large number of scheduled operational flights have been made. For the validation exercise 
however a limited small number of 14 flights have been selected. Selection was based on the 
presence of a sufficient number of stationary, level flights at constant speed. The selected flight 
regimes were extracted from the flight data using the NLR Flight Regime Recognition module 
[12]. 
 
3.2 Flight data description and processing 
The strain gauge data is sampled at 512 Hz. The CVFDR data at 8Hz. Figure 7 shows a typical 
graph of a performed flight and shows the time spent in Flight Regime ‘level flight at 80% Vh’, 
in red. Vh is maximum horizontal velocity. In general there will be several time intervals where 
the helicopter is in a given flight regime.  
 
Figure 7 Shown in red are the strain data when the helicopter is in Flight Regime ‘level flight at 
80% Vh’ 
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The 3/rev strains are extracted from the strain sequence using the classic theory of Fourier 
transforms. Since the Fourier transform expects the data to be periodic, it will give erroneous 
results on the time accumulated data. The jumps between the strain data of different time 
intervals will contaminate the complete Fourier spectrum, in particular the 3/rev response. 
Therefore each of the time intervals is transformed separately, and a so-called Hanning window 
is applied to the strain data of each time interval in order to remove the error by the non-
periodicity. Moreover, over each time interval a sliding window of four seconds is applied 
(consisting of 45 3/rev periods). This method has in the past been proven to provide good results 
for the analyses of strains in structures. For each window the spectrum is computed, and all the 
spectra of a single time interval are averaged to obtain a relatively smooth signal for the time 
interval under consideration. 
 
3.3 Validation test cases 
Flight altitudes are relatively high and level flight regimes are at relatively high speeds. An 
overview of the flight conditions for the level flights is given in Figure 8. From this figure it can 
be seen that the level flights are mostly flown at an altitude exceeding 6000 ft. Also, there is 
limited data available for the weight class below 32000 lbm, hence the lower weight class will 
be ignored. 
 
Figure 8 Overview of the flight conditions for the level flight. Each continuous time interval for a 
desired flight regime is represented as a square and coloured by the calibrated air speed (CAS). 
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3.4 Simulations 
Simulations are conducted for level flights. The level flight speed ranges from 15 to 165 knots 
at 15 knots intervals (10-110% of Vh).  
Since it is expected that the loads will depend on gross weight and altitude, the level flights and 
turns will be simulated at nine different conditions: all combinations of three weights (27000, 
37000, and 48000 lbm) and three pressure altitudes (1000, 5000, and 8000 ft). The experimental 
data is obtained from those time intervals for which the flight conditions fit the weight and 
altitude criteria (called a bin). The relationship between the simulated flight conditions and the 
bins is presented in Table 5.  
Note that a rather coarse segmentation in weight and altitude has been used for the current 
validation exercise. A finer segmentation of the experimental data would allow a more detailed 
comparison. However, with the current size of experimental data there would be an insufficient 
number of samples for statistical processing. Hence, the processed experimental data would be 
untrustworthy. In the near future, more flights will be analyzed, thus increasing the number of 
samples. Then a finer segmentation of the experimental data will make sense. 
 
Table 5 Relationship between simulated flight conditions and experimental bins 
Weight 
[lbs] 
Weight bins 
[lbs] 
Altitude 
[ft] 
Altitude bins 
[ft] 
27000 up to 32000 1000 up to 4000 
37000 32000-42000 5000 4000-6000 
48000 from 42000 upward 8000 from 6000 upward 
 
3.5 Results 
The 3/rev vibrations and, to a lesser extent, the 6/rev vibrations, are the dominant contributors to 
the vibration levels. The current validation focuses on the 3/rev strains.  
Figure 9 compares the 3/rev strain amplitudes. For some flight conditions, especially at the 
highest speeds combined with the highest altitudes, there are no simulation results since the 
computations failed to obtain a converged trim condition for the helicopter.  
Overall agreement with the measurements is good. The simulations are within the scatter of the 
measurements. The trend in the measurements for the level flights at a gross weight of 37000 
lbm and 1000 ft and 5000 ft pressure altitude (Figure 9 (a) and (b)) which show a minimum 
strain level at about 100 knots is well reproduced by the simulations. For the higher speeds, it 
seems that the strains in the simulation are over-predicted with respect to the measurements. 
This is analyzed in more detail in the next section. 
The trend in the measurements of minimum load at medium speeds has also been observed in 
Boeing measurements [13] and Yang and Chopra ([14], Fig. 9). 
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(a) 1000 ft altitude and 37000 lbm gross 
weight.  
(b) 5000 ft altitude and 37000 lbm gross 
weight.  
  
(c) 8000 ft altitude and 37000 lbm gross 
weight.  
(d) 1000 ft altitude and 48000 lbm gross 
weight.  
  
(e) 5000 ft altitude and 48000 lbm gross 
weight.  
(f) 8000 ft altitude and 48000 lbm gross 
weight.  
Figure 9 Validation results for 3/rev strain amplitude for different weight and height classes. 
Simulation results: blue line; flight test data: black symbols 
 
3.6 Trends analysis  
In Figure 10 a summary of the simulation results for all level flights is presented. The 3/rev 
strains in the simulations show two trends: at the lower speeds the strain level mainly depends 
on the weight: levels increase (significantly) with increasing weight. At higher speeds (above 90 
knots), the levels increase with increasing weight and increasing altitude. In the following, an 
analysis will be made to see if these trends also occur in the measurements. 
  
NLR-TP-2010-246 
  
 20 
Figure 11 compares simulations and flight tests for a given weight class. The reader should be 
aware that some of the experimental data points are based on a limited number of samples. For 
the weight class of 37000 lbm, the experimental data at 1000 and 8000 ft altitude mimic the 
trend in the simulations: at higher speeds, an increase in altitude increases the strain levels. As 
the strain levels of the experiments at 5000 ft continue to increase with increasing flight speed, 
the strain levels for the other two altitudes seem to level off. Apparently, there is some damping 
effect which is not present in the simulations. For the weight class of 48000 lbm, the increase of 
strain levels with increasing altitude at higher speeds is repeated in the experiments. The relative 
insensitivity of the strain levels with respect to altitude for the lower speeds, which is seen in the 
simulation results, cannot be verified in the experimental results because of lack of data. 
 
Figure 10 Summary of the 3/rev simulation results for all level flight conditions 
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Figure 11 Comparison of experiments (symbols) and simulations (thick lines) for the two weight 
classes of 37000 lbm 
 
 
4 Conclusions 
A framework for the calculation of dynamic loads in helicopter airframe components was 
successfully set up. A validation exercise has been executed in which the computed strain in a 
specific component of the airframe was compared with in-flight measurements. 
The general trend of minimal loads at medium speeds and strong increase in loads at high 
speeds is well captured by the simulations. The simulations show a strong dependence on 
weight for the lower speeds, whereas for the higher speeds strain levels increase with both 
weight and height. 
The computed 3/rev strains in the aft pylon frame for forward flights compare well with flight 
test data. It is well known ([4], [5]) that the higher frequencies are more difficult to predict, and 
a subsequent validation of the higher frequency content of the simulation is planned in the near 
future.  
In order for this validation to be successful the following model updates are foreseen: 
o the fuselage model will be tuned to higher frequencies using model updating techniques; 
o based on the promising results of Lang and Centolanza [5], a detailed component model of 
the flange will be developed to compute the strains; 
o the frequency content of the aeromechanical model will be increased to at least 6/rev (blade 
modes, inflow model, interference models). 
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5 Recommendations 
The vibratory fuselage loads are induced by the vibratory loads on the blades which are 
transmitted through the hub into the fuselage. Therefore it is essential to have the blade loads 
right, before one can think of predicting fuselage loads. Unfortunately, the experimental data, 
obtained from operational flights, do not contain load data in the rotating frame. So the load 
path from the blade loads to the fuselage loads cannot be validated.  
There is extensive literature (Yeo and Johnson, [15]; Datta and Chopra, [16], amongst others) 
that the accurate prediction of blade loads by aeromechanical methods require vortex wake 
models. Even then, the methods will in general fail to predict the correct pitching moments, 
resulting in phase lag in the vibratory hub loads. As phase differences may have strong 
consequences for vibratory loads further down the load path, it is of the utmost importance to 
validate the complete load path.  The validation of the separate model components will pinpoint 
the origin of the discrepancies between flight test and simulation.  
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